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PROBLEM TO BE SOLVED: To provide a nitride semiconductor light 
emitting diode in which the light from an active layer can be efficiently 
emitted. 

SOLUTION: The light emitting element comprises a semiconductor layer 
and an ohmic electrode brought into ohmic contact with the 
semiconductor layer so that the ohmic electrode is a translucent ohmic 
electrode, and a reflecting structure is formed by covering the ohmic 
electrode with the reflecting layer via a translucent insulating film. In this 
element, the reflecting layer is formed of one selected from the group 
consisting of Al. Ag and Rh. 
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1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is the light emitting device characterized by having reflective structure, and constituting the reflective 
structure in the light emitting device equipped with the ohmic electrode which carries out ohmic contact with a semi- 
conductor layer and its semi-conductor layer by covering the translucency ohmic electrode of Perilla frutescens (L) 
Brrtton var. crispa (Thunb.) Decne. for the above-mentioned ohmic electrode by the reflecting layer through a 
translucency insulator layer as a translucency ohmic electrode, and the above-mentioned reflecting layer consisting of one 
chosen from the group which consists of aluminum. Ag, and Rh. 

[Claim 2] The light emitting device according to claim 1 by which the above-mentioned translucency ohmic electrode was 
formed in the p mold contact layer including p mold contact layer which consists of a p mold nitride semi-conductor layer 
as the above-mentioned semi-conductor layer. 

[Claim 3] The above-mentioned insulator layer is a nitride semi-conductor light emitting device according to claim 1 or 2 
which consists of Si02. 

[Claim 4] The thickness of the above-mentioned insulator layer is the light emitting device of any one publication among 
claims 1-3 which are 3 micrometers or less. 

[Claim 5] The thickness of the above-mentioned reflecting layer is the light emitting device of any one publication among 
claims 1-4 set as the range of 0.05 micrometers - 1 micrometer. 

[Claim 6] The above-mentioned insulator layer is the light emitting device of any one publication among claims 1-5 to 
which it has opening and the above-mentioned ohmic electrode and the above-mentioned reflecting layer are electrically 
connected through the opening. 

[Claim 7] The light emitting device according to claim 6 by which the pad electrode was formed in the part located on the 
above-mentioned opening of the front face of the above-mentioned reflecting layer. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a nitride semi-conductor light emitting device. 
[0002] 

[Description of the Prior Art] In recent years, the light emitting diode (nitride semi-conductor light emitting diode) 
constituted using the nitride semi-conductor is coming to be widely used mainly as blue light emitting diode. This nitride 
semi-conductor light emitting diode is constituted by carrying out the laminating of the barrier layer and p mold nitride 
semi-conductor layer which consist of an n mold nitride semi-conductor layer, InGaN, etc. for example, on silicon on 
sapphire, forming the ohmic electrode by the side of n on n mold nitride semi-conductor layer which removed a part of 
barrier layer and p mold nitride semi-conductor layer, and was exposed, and forming the ohmic electrode by the side of p 
on p mold nitride semi-conductor layer. Moreover, in this nitride semi-conductor light emitting diode, since the resistance 
of p mold nitride semi-conductor layer is high compared with n mold nitride semi-conductor layer, the ohmic electrode by 
the side of p is constituted by [ of p mold nitride semi-conductor layer ] forming in the whole surface mostly, so that a 
current may be efficiently poured into the whole barrier layer. 

[0003] In the nitride semi-conductor light emitting diode constituted as mentioned above, the light which emitted light in 
the barrier layer can also be constituted so that outgoing radiation can be carried out from a substrate side using silicon 
on sapphire having translucency, the ohmic electrode by the side of p may be made thin and outgoing radiation may be 
carried out through the ohmic electrode by the side of p which has the translucency as has translucency. 
[0004] 

[Problem(s) to be Solved by the Invention] However, the conventional nitride semi-conductor light emitting diode had the 
trouble that outgoing radiation of the light which emitted light in the barrier layer could not be carried out outside 
efficiently. Then, this invention aims at offering the nitride semi-conductor light emitting diode which can carry out 
outgoing radiation of the light which emitted light in the barrier layer efficiently. 
[0005] 

[Means for Solving the Problem] In order to attain the above purpose, the light emitting device concerning this invention In 
the light emitting device equipped with the ohmic electrode which carries out ohmic contact with a semi-conductor layer 
and its semi-conductor layer, it has reflective structure. The reflective structure It is constituted by covering the 
translucency ohmic electrode of Perilla frutescens (L.) Britton var. crispa (Thunb.) Decne. for the above-mentioned ohmic 
electrode by the reflecting layer through a translucency insulator layer as a translucency ohmic electrode, and is 
characterized by the above-mentioned reflecting layer consisting of one chosen from the group which consists of 
aluminum, Ag, and Rh. The light emitting device concerning this invention constituted as mentioned above can reflect light, 
and can make the outgoing radiation of the light carry out towards desired efficiently by the above-mentioned reflecting 
layer. 

[0006] The above-mentioned translucency ohmic electrode could be formed in the p mold contact layer including p mold 
contact layer which the above-mentioned light emitting device becomes from p mold nitride semi-conductor layer as the 
above-mentioned semi-conductor layer. 

[0007] In order to make a reflection factor high, as for the above-mentioned insulator layer, it is desirable to consist of 
Si02 which is an ingredient with a low refractive index. 

[0008] In order that precision may improve the insulator layer pattern NINGU, as for the thickness of the above- 
mentioned insulator layer, it is desirable that it is 3 micrometers or less. 

[0009] As for the thickness of the above-mentioned reflecting layer, it is desirable to have been set as the range of 0.05 
micrometers - 1 micrometer. 

[0010] The above-mentioned insulator layer has opening, through the opening, it connects electrically and the above- 
mentioned ohmic electrode and the above-mentioned reflecting layer may be in it. A pad electrode can be formed in the 
front face of the above-mentioned reflecting layer if it does in this way. In this case, as for the above-mentioned pad 
electrode, being located on the above-mentioned opening is desirable. 
[0011] 

[Embodiment of the Invention] Hereafter, the nitride semi-conductor light emitting device of the gestalt of operation 
concerning this invention is explained, referring to a drawing. The nitride semi-conductor light emitting device of the 
gestalt 1 of operation concerning this invention is constituted by carrying out sequential growth of the nitride semi- 
conductor layer 20 by the side of n, a barrier layer 30, and the nitride semi-conductor layer 40 by the side of p through a 
buffer layer 11, and forming the electrode by the side of n and p on the substrate 10 which consists of sapphire, as shown 
in drawing 1 and drawing 2 . By the nitride semi-conductor light emitting device of the gestalt of this operation here 
especially — the nitride semi-conductor layer 40 (p mold contact layer 42) top by the side of p — almost — the whole 
surface — the p side ohmic electrode 53 of translucency — forming — further — the ohmic electrode 53 top — an 
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insulator layer 2 — minding — a wrap — like It is characterized by forming the reflecting layer 1 which consists of 
aluminum or Ag, and makes it possible to raise the reflection factor by the side of p by this, and the ejection effectiveness 
of the light outputted from a substrate side or a substrate side face is raised. In addition, in the nitride semi-conductor 
light emitting device of the gestalt of this operation, the electrode by the side of n is formed as usual on the nitride semi- 
conductor layer 20 (n mold contact layer 21) by the side of n which removed a part of nitride semi-conductor layer 40 by 
the side of p. and barrier layer 30, and was exposed. 

[0012] Hereafter, the configuration and the manufacture approach of a nitride semi-conductor light emitting device of this 
operation are explained to a detail. [ of a gestalt ] In the gestalt of this operation, the semi-conductor laminated structure 
of a nitride semi-conductor light emitting device is constituted as follows. Namely, it consists of GaN of the AIGaN layer 
11 which is a low^emperature buffer layer, and Si dope on silicon on sapphire 10. n mold contact layer 21 (about 2 
micrometers in for example, thickness) in which n electrode is formed, n mold cladding layer 22 and the InCaN well layer of 
a non dope which consist of an n mold AIGaN are included, (about 30A in for example, thickness) The luminous layer 30 of 
a single or multiplex quantum well structure, p mold cladding layer 41 which consists of a p mold AIGaN, and p mold 
contact layer 42 (about 1200A in for example, thickness) which consists of GaN by which Mg was doped are formed in 
order. 

[0013] Moreover, electrode structure is constituted as follows. In the nitride semi-conductor light emitting device of the 
gestalt of this operation, the ohmic electrode 51 by the side of n is formed as usual on the nitride semi-conductor layer 20 
(n mold contact layer 21) by the side of n which removed a part of nitride semi-conductor layer 40 by the side of p, and 
barrier layer 30. and was exposed. In addition, in the nitride semi-conductor light emitting device of the gestalt of this 
operation, as shown in drawing 1 , in one corner of a rectangular nitride semi-conductor light emitting device, in a sector, 
etching removes the nitride semi-conductor layer 40 and barrier layer 30 by the side of p so that the front face of n mold 
contact layer 21 may be exposed, the ohmic electrode 51 by the side of n is formed in the front face of the exposed n 
mold contact layer 21, and the pad electrode 52 is formed on it Moreover, the ohmic electrode 51 by the side of n can 
acquire n mold contact layer 21 which consists of a nitride semi-conductor of n mold, and good ohmic contact by 
constituting from two-layer [ of Ti layer with a thickness of 100A and aluminum layer with a thickness of 5000A ]. 
Moreover, in the ohmic electrode 51 by the side of n. it can replace with Ti layer and W layers can also be formed. 
[0014] the nitride semi-conductor light emitting device of the gestatt of this operation — setting — the ohmic electrode 
53 by the side of p — p mold contact layer 42 — it is formed so that it may have translucency on the whole surface 
mostly. It can constitute from two-layer [ of nickel layer with a thickness of 100A and Au layer with a thickness of 100A ], 
and by constituting in this way. p mold contact layer 42 and ohmic contact are possible, and the ohmic electrode 53 by the 
side of this p can form the ohmic electrode 53 by the side of p which has translucency. Moreover, p mold contact layer 42 
and ohmic contact are possible, and a nickel-Pt electrode besides an above-mentioned nickel-Au electrode and a Co-Au 
electrode can also be used as an ohmic electrode 53 by the side of p which has translucency. 

[0015] Moreover, the translucency insulator layer 2 is formed so that the whole nitride semi-conductor light emitting 
device may be covered, it has opening 2a on the ohmic electrode 51 by the side of n, and has opening 2b on the ohmic 
electrode 51 by the side of n, and the ohmic electrode 53 by the side of p in the corner which makes a vertical angle. This 
translucency insulator layer 2 can be characterized by the transparent thing to luminescence wavelength at least, for 
example, can constitute it from Si02. aluminum 203. SiN and Ti02, and Zr02 grade. Moreover, especially desirable things 
are Si02 and Ti02 as an ingredient of this translucency insulator layer 2, and this is because a reflection factor can be 
made high also especially in the ingredient which carried out [ above-mentioned ] instantiation. The further most desirable 
thing is Si02. This reason is that it can make dependability high since- it excels in that a reflection factor is not only made 
most highly but stability. Moreover, it can be desirable to set it as the range of 3 micrometers or less more than 
luminescence wavelength, it can become easy by being able to realize reflection high on a boundary with a reflecting layer, 
and making it 3 micrometers or less by carrying out to more than luminescence wavelength, to form a translucency 
insulator layer by lift off. and the thickness of the translucency insulator layer 2 can raise the yield. 
[0016] Furthermore, in the nitride semi-conductor light emitting device of this operation gestalt, a reflecting layer 1 
consists of aluminum. Ag, or Rh, and it is formed so that the ohmic electrode 53 by the side of p may be covered through 
the translucency insulator layer 2. Here, the reflecting layer 1 is electrically connected with the ohmic electrode 53 by the 
side of p in opening 2b. As for the thickness of a reflecting layer 1, it is desirable to set it as the range of 0.05 
micrometers - 1 micrometer, and it sets it as the range of 0.1 micrometers - 0.3 micrometers more preferably. A 
manufacturing cost becomes high, although change has the thickness of a reflecting layer 1 neither in 0.3 nor the 
effectiveness about reflection even if it becomes thicker than 1 micrometer. Moreover, it is because a reflection factor will 
become low if the thickness of a reflecting layer 1 is thinner than 0.05 micrometers, and a better reflection property is 
obtained with it being 0.1 micrometers or more. 

[001 7] Moreover, the pad electrode 52 by the side of n and the pad electrode 54 by the side of p can consist of common 
ingredients by having formed for example, nickel layer in the thickness of 1000A upwards, and forming Au layer in the 
thickness of 6000A. Here, the pad electrode 52 by the side of n is formed in right above [ of the ohmic electrode 51 by the 
side of n ] so that it may flow electrically with the ohmic electrode 51 by the side of n through opening 2a, and the pad 
electrode 54 by the side of p is formed so that it may be located in the front face of the reflective film 1 on opening 2b. 
[0018] Since the high reflective structure of a reflection factor is constituted by the translucency ohmic electrode 53, the 
translucency insulator layer 2, and the reflecting layer 1 so that it may mention later, the nitride semi-conductor light 
emitting device constituted as mentioned above can take out light efflciently in the directions of desired, such as a 
substrate side or a side face of a light emitting device, for example. 

[0019] Next, the manufacture approach of the nitride semi-conductor light emitting device of the gestalt this operation is 
explained. 

By the step 1. book approach, first, on silicon on sapphire (sapphire wafer) 10, the low-temperature buffer layer 1 1 and n 
mold contact layer 21 which consist of a nitride semi-conductor, respectively, n mold cladding layer 22, a luminous layer 
30. p mold cladding layer 41, and p mold contact layer 42 are formed in order, and a mask 55 is formed except for the part 
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into which the front face of n mold contact layer 21 is exposed for every component ( drawing 3 ). 

A mask 55 is removed after exposing the front face of n mold contact layer 21 for every component by removing step 2.. 
next the part in which the mask 55 is not formed by etching to the middle of n mold contact layer 21 ( drawing 4 ) 
( drawing 5 ). 

[0020] step 3.. next the ohmic electrode 53 by the side of p which carries out ohmic contact with the ( drawing 7 and 
drawing 8 R> 8) p mold contact layer 42 by forming electrode layer 53a which consists of two-layer [ of nickel layer with a 
thickness of 100A and Au layer with a thickness of 100A ] ( drawing 6 ), and carrying out pattern NINGU by etching using 
a mask 56 — the p mold each contact layer 42 top — it forms in the whole surface mostly. 

The ohmic electrode 51 by the side of n is formed in the front face of step 4. and n mold contact layer 21 exposed 
corresponding to each component, respectively ( drawing 9 ), and the translucency insulator layer 2 which consists of 
Si02 so that each whole component may be covered is formed ( drawing 10 ). 

[0021] In step 5., next the translucency insulator layer 2. opening 2a is formed on the ohmic electrode 51 by the side of n. 
opening 2b is formed in the corner which makes the ohmic electrode 51 and vertical angle by the side of n of each 
component, and the wrap reflecting layer 1 is formed for the ohmic electrode 53 by the side of p through the translucency 
insulator layer 2 so that it may connect with the ohmic electrode 53 by the side of p in opening 2b ( drawing 1 1 ). 
When step 6„ next nickel layer are formed in the thickness of 1000A. and Au layer is formed in the thickness of 6000A and 
carries out pattern NINGU on it the pad electrode 52 by the side of n forms the pad electrode 54 by the side of p so that 
it may be located in the front face of the reflective film 1 on opening 2b, so that it may flow electrically with the ohmic 
electrode 51 by the side of n through opening 2a. The nitride semi-conductor light emitting device which has the reflective 
structure where the laminating of the ohmic electrode 53, the translucency insulator layer 2, and reflecting layer 2 of 
translucency was carried out to the p side as mentioned above is producible. 

[0022] Since the nitride semi-conductor light emitting device of the gestalt of the operation constituted as mentioned 
above has the reflective structure constituted as mentioned above, for example in case it outputs light from a substrate 
side, it is taken out. and can make effectiveness high. Drawing 13 is a graph which shows the wavelength dependency of 
the reflection property of the reflective structure concerning this invention. In drawing 13 , each of LI -L3 can be set in 
the reflective structure concerning this invention. The reflection property in the interface of Si02 film and the reflective 
film is shown, and LI is the reflection property of the reflective structure R1 constituted using aluminum as a reflecting 
layer. L2 is the reflection property of the reflective structure R2 constituted using Ag as a reflecting layer, and L3 is the 
reflection property of the reflective structure R3 constituted using Rh as a reflecting layer. Moreover. L4 of drawing 1 3 is 
shown for a comparison, and the reflection factor in the interface of the p mold nitride semi-conductor, layer and the 
ohmic electrode in the conventional electrode structure constituted by forming only the ohmic electrode which consists of 
conventional nickel/Au on p mold nitride semi-conductor layer is shown. 

[0023] The result shown in drawing 1 3 shows the following thing. As shown [ 1st ] in drawing 1 3 , since a reflection factor 
can do reflective structure concerning this invention highly as compared with the electrode structure of the conventional 
example, with a wavelength of about 350nm - 530nm in between, it is suitable especially as reflective structure in the light 
emitting diode which can emit light in a blue light from the yellow with comparatively short wavelength constituted using 
the nitride semi-conductor. As shown in drawing 13 , moreover, the reflective structure R1 concerning this invention 
constituted using aluminum as a reflecting layer Since a reflection factor can be made high with a wavelength of about 
350nm - 430nm in between as compared with the reflective structures R2 and R3 concerning this invention using Ag and 
Rh as a reflecting layer As reflective structure of the light emitting diode which is constituted using a nitride semi- 
conductor and emits light in the light of ultraviolet radiation with short reliance wavelength - blue, it is especially suitable. 
Furthermore, since the reflective structure R2 concerning this invention constituted using Ag as a reflecting layer can 
make a reflection factor high on the wavelength of about 430nm or more as compared with the reflective structures R1 
and R3 concerning this invention which used aluminum and Rh as a reflecting layer as shown in drawing 13 . it is especially 
suitable as reflective structure of the light emitting diode which emits light in the light of blue - yellow. 
[0024] Moreover, the reflection property when changing the incident angle of light to drawing 14 - drawing 16 in the 
reflective structures R1, R2, and R3. respectively is shown. L11, L21, and L31 in drawing 1 4 - drawing 16 are a reflection 
property at the time of 20 incident angles here, LI 2, L22, and L32 in drawing 1 4 - drawing 16 are a reflection property at 
the time of 40 incident angles, and LI 3. L23. and L33 in drawing 14 - drawing 16 are a reflection property at the time of 60 
incident angles. Moreover, drawing 17 shows each reflection property of **, when the incident angle in the conventional 
electrode structure is 20 degrees (L41), an incident angle is 40 degrees (L42), and an incident angle is 60 degrees (L43). 
Drawing 14 - drawing 16 show hardly depending for the reflective structure concerning this invention on an incident angle. 
Here, in this examination, the thickness of the p side ohmic electrode set to 0.02 micrometers, the thickness of Si02 film 
2 set to 0.5 micrometers, and the thickness of a reflecting layer 1 could be 0.2 micrometers. 
[0025] 

[Effect of the Invention] As explained to the detail, as mentioned above, the light emitting device concerning this invention 
In the light emitting device equipped with the ohmic electrode which carries out ohmic contact with a semi-conductor 
layer and its semi-conductor layer Since it has the reflective structure constituted by covering by the reflecting layer 
through a translucency insulator layer on the above-mentioned translucency ohmic electrode and the reflecting layer is 
constituted by one chosen from the group which consists of aluminum. Ag, and Rh Light can be reflected by the above- 
mentioned reflecting layer, the outgoing radiation of the light can be made to carry out towards desired efficiently, and the 
outgoing radiation of the light which emitted light can be carried out efflciently. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the top view showing the configuration of the nitride semi-conductor light emitting device of the gestalt 
of operation concerning this invention. 

[Drawing 2] It is a sectional view about the A-A' line of drawing 1 . 

[Drawing 3] It is a sectional view before etching to which the front face of n mold contact layer 21 is exposed in the 
manufacture approach of the gestalt operation. 

[Drawing 4] It is a sectional view after etching to which the front face of n mold contact layer 21 is exposed in the 
manufacture approach of the gestalt operation. 

[Drawing 5] It is the sectional view after removing a mask 55 after etching of drawing 4 . 

[Drawing 6] It is the sectional view after forming electrode layer 53a for forming the p side ohmic electrode. 

[Drawing 7] It is the sectional view after forming a mask 56 on electrode layer 53a. 

[Drawing 8] it is the sectional view after etching using a mask 56 (the ohmic electrode 53 by the side of p — after [ on the 
p mold each contact layer 42 ] forming in the whole surface mostly). 

[Drawing 9] It is the sectional view after forming the ohmic electrode 51 by the side of n in the front face of n mold 
contact layer 21. 

[Drawing 10] It is the sectional view after forming the translucency insulator layer 2 which consists of Si02 so that each 
whole component may be covered. 

[Drawing 11] It is the sectional view after forming a reflecting layer 1 . 

[Drawing 12] It is the sectional view after forming the pad electrode 52 by the side of n, and the pad electrode 54 by the 

side of p. 

[Drawing 1 3] It is the graph which shows the wavelength dependency of the reflection property of the reflective structure 
concerning this invention, 

[Drawing 1 4] In the reflective structure R1 concerning this invention, it is the graph which shows the reflection property 
when changing the incident angle of light. 

[Drawing 1 5] In the reflective structure R2 concerning this invention, it is the graph which shows the reflection property 
when changing the incident angle of light. 

[Drawing 16] In the reflective structure R3 concerning this invention, it is the graph which shows the reflection property 
when changing the incident angle of light. 

[Drawing 1 7] It is the graph which shows the reflection property in the conventional electrode structure. 
[Description of Notations] 

1 — Reflecting layer, 

2 — Insulator layer, 

2a — Opening, 2b — Opening, 

10 — Substrate. 

11 — Buffer layer 

20 — Nitride semi-conductor layer by the side of n. 

21 — n mold contact layer, 

22 — n mold cladding layer, 
30 — Barrier layer, 

40 — Nitride semi-conductor layer by the side of p, 

41 — p mold cladding layer, 

42 — p mold contact layer, 

51 — Ohmic electrode by the side of n, 

52 54 — Pad electrode 

53 — The p side ohmic electrode, 
53a — Electrode layer, 

55 56 — Mask. 
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20 0!R h e> ^cSg**^ 6 jg!R 3 nfc 1 o*» ^ «c 5 C i 

fiSi-rSo jy±©J:^{c«f!£5n/c*^Bj{c<^S#fe7fe^ 

[0 00 6] _hia^7t5RTtt. JbiS*^(*Jl <b br p M 

[0 00 7 ] jige*6^fli«> Jsw**ia5< -r •5fcst)«c, 

30 

[0 00 8] ±iaifm^©®J¥«. -ec^eigfeig^fflft^ 

[0 0 0 9 ] _hfa,S9+)l©Mllfi. 0. 0 5Mm~lM 
[0010] ±s3*6iMi«»iflnSP*WL/, ^©MPg«* 

40 ^. ±f^-'^••;/ Fmffi»±fBPSPSP©±{CfiiS-r.5C<i:*5 
[0 0 1 1 ] 

[^?g©SliS©fl5Sg] &rF. iaM?:#«gOJ&:*i6*^?g 

«cc^ ai^©jf$fig©^{ bi^^{i2St*^^^^cc ^ rutag 

T-s, 3is:jf6Bjic(5^^iis6©ff5,« 1 (Dmimmmi^M^M 
^t*. 0iRcifS2(c^t-J:^{c. v-yr^r 

A^^i^cSSSl 0±tC. >'^•■:/r'T®l 1 €:/My-Cn{!iJ© 

s^b!^«(*e2o. r£ttJB3o, pm<Dmitm^ii^ 

Ig4 O^rJWy^gS-a-. nffliJSytpffliJoaSffi^J^RSTS 

50 ciKiJcfjWfiSsnrt^s. cc-c. 2|s^]»©j^si©a 



3 

2 1 ) ±tc?i$^u-cii^o 

[0012] WT. :*:^Jg(Off^,^<0^{biK?*^(*^« 

mi 0_hJC, ^S}a/^•-^:7TH^?^'5A 1 Ga NH 1 1 . 
Si F-:?*OGaN;:^^6i^cC0. n 5 ti n ^ 
r3>^>7 hJ12 1 J?3*^2 um) . nSA 1 

Ga NJ&^^^c-SnS^-^ KJ12 2. ^lyl^-V'COln 

GaN#^®^^t^ (^ij^t^. ;?$*^3 0A) ^— 3?.Ci 

^mm.^^^m^^(o^itm so. pMAiGaN^^^^j^c 

A) ^JB^C^c^T^o 

[0013] ^/c. -^@«itCi^:iT<Dcfc^CClS^T^o 

M4 0&J>*?£14I13 OCT)— g|5^^*ursm^#/cnf|ij 
0^ft1«5*»^®2 0 (nMn>^^? hH2 1) ±(Cfl5 

lOOPgPtCfcCi-C. ]ilfl5tCpffiiJcr)^ffciB5^^ttli4 0 

JfcO'rgttHS 0>5rnM:3>^^ hJ12 KOmM^m^^ 

M:3>^:57 hfB2 1 CO^BfCnfflijO^f - a -.^ ^m«B5 1 

/c. nfflfJcD:^- ^ y ^mm^ 1 1 0 0 A<DT i M 

tm^b 0 0 0 AOA lil<Z)2®r^fiRT'5Ci^<fc 

m(D:t- 5 ^^@5 1 T i gCCft^rW/g^^ 

[0014] :^m^mm<Dmitm^mi^^i^m^cci6 

4 2 CDCi«:^H(C3l3fcf4^*-r S J: ^ CCffJfiS ^ n C 
cDpfPJlO^-^ ':^^^ffi5 3C3:. ^J;t5i. il^^lOOA 
CON i JliJ?^ 1 0 0 A(0Aum<02mr:mfiSL't^Ct 

m4 2t:t-^^y ^mns^m^. A^os^fett^wr-E* p 
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pfl|ilO:t- 5 y ^mmb 3 <*: UXU. ± 
a<DN i - A u ^SOtijJJV N i - P t C o - A 

CO 0 1 5 ] ^/c. m^mmm2iii. mim^mi^-^ 

ffi5 lCD±CC^pgP2 a^WU, nmco^-^ y 
5 1 <!:>ftft^5^j:TR§a5tc:fot:f^ pffliJco:t- 5 .^^mgS 
10 3±^C^P^2 b^WLrc^-So COS7fetti^M2 

to. W^i'^. S i O2 . A 1 2 O3 . S i N. T i O 
2 . Z r O2 ^-ClSfiiS;-rSC<b3{>^-Ct So C(Dm 

^\^mmm2<DttutLx. :^tc»^bi^fc<D»s i o 

tcom^'vMi.^j^m^^mMx^^ . ^tc. s/imjyTcc-r 
[0016] ^ 6tc. :^mj\^.m(omim^mw^ytm 

T^cm^T. JSS^BniA 1 , A grXCiRh*^6^^j:0. 
i§^ttj»j»M2^/M.rpffliJ(D:i--^ ^mfiiS 3%a 

^ct ^ccjg^^ns. cc-c. Kmmifct. 5SpgB2 b 

(C:felir pfBIJO:t-^ ^d^mSS 3<bmmWCCS^^n 
30 ri^-S^ S*fa O. O 5 um-- l //mO® 

m(^C^'r^Ct:f)m^L<. J:0*f*L<t3:. 0. 1 
Mm-0. 3 MmCDffiWClg^T'So S*f HI cr)|ii¥3&^ 
0. 3-^1 jLtmcfcO;?<^Cr>TfeS»t^craTS?S!l:§StC5* 

[ 0 0 1 7 ] ^ /c. n mo)^^ y VmM 5 2 P fIiJCD>^N' 
-yFm@5 4tJ. m^lit. N i 1 0 0 0 AcDJl^iC 
40 Jf$J3cL/cJiCCAull^6 0 0 0 AO/?3CC?|5^-rSCi 

«1JCD/N-^;; Fm@5 2«. PBPgP2 a >£r/M.r nf|iJCD:t- 

cijss^ai 1 cD^fficcgapgB2 b <D±tc{4a-r s J: ^ 

[0018] K/JiOcfc ^^ct»^$ta/c^^h^^^f*^7t 
^^^^i. 3^7^:^-^ ^>^^@5 3. S7fett*fe^M2R 

50 jS;&^«^5ti€>o-c, S«ffliJX«^^fe^^opj 
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[0019] ^xtc. ^mMmmcomimi^mi^^m 

*nS:3>iS7>7 hja2 1 (DiatfiSrx •> ^ > ^J^'rl^^T 
-5Citcj:0. S*^=^Citc. nS:3>^^^ hH2 1 © 

[0 02 0] :^'f^v':r3, yictc. 'piJ;JLt^. 1 0 OA 
ON i Jlcbim? 1 0 0 A<DAum<D2m^^^^J:^m^m 
5 3 a?:?f$^L/r (136 ) . ^^^b 6*fflC^rxt; ^ 

8). pM:3>^:$7 hja4 2i:t--^ -^^ISfti^SpfBiJ 

ffiS l^mf&Lt: (09) . S^^:^f*^S^J:^CCS 
i 0 25&^6te^iS7fe14i»JSIg2*ff5^-r-5 (010) o 
[0 0 2 1 ] ;^^'r'>:7-5. ;^^c. 37^:14^^^ 2 K::tec^ 

r. nWJCD:^-^ ^mS5 1 (D±CCgaPaS2 a^fl5j?S 

SPCC^ngP2 b^ff^^Or. P^Pa52 bCcfcC^r pf|iJ(D 
';^^^ffi5 3 i Sfel ^ n cfc ^ CcS7t14*feJ^JJg 2 
5^:^ l> T p ®JCD :t - 5 ^ m@ 5 3 ^ SS^ IS 1 

f&r^ (131 1) o 

::^v^ yy'G. i^Xfc. N i l 0 0 0 A(omS(tcmfS,L 

gP2 a^/r-UrnfflJCD^-^ ^^@5 1 ^m^mcm 

ttcma^2b<0±ltC&,S^^J:^<fCmf&'r^. «±coJ: 
^tCLT. pfHiUcjg:)tt*CD:t-5 -^/^m^S 3. 

[0 0 2 2 ] iiX}i(DJz^^cmr&^infcmM(Dmm(omt 

mmm&<DmMW&(ommi^wn^^-t ^ ^ * ^ , 

S13&C*Jl^r. L l'-L3«C^-mfc:$:#feB^^f^^S 
*M«Jg&C*s&'t€>. S i 02JS<2:jS*HS<t(D^DBi:?OSS^ 
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lSL/cS^t«ilRlO;Sf^1$t4'C^0. L2 53:Jg*t^<i: 
or A g 4:fflC^rfit^L/cSSt1«i^R 2(DSt*1t14'C^ 
0. L3«SS^IS<bLrRh*ffll^r«fiSC/cJS#4«jS 
R3CDJgtt4#14-C^'5„ a 1 3(7)L4mtSJcD/c 

5RCDN i /Au7&>63&S:ir-5 ^mm(o^^Bf&'r^ 

[ 0 0 2 3 ] H 1 3(C7j^-rigl^>&^^. 'X<OCLi}^t>i)^ 
-60 mice. 13 1 3(C^-r cfc^CC. iSS*x?3 5 0 nm — 
5 3 0 n mCDfffl-CCi. ^^eSfcOfeSJgl^lSjttSitt^^acD 

me=w^{cJtlS[ot:sirf^^5|s< -c^r^cDr. lift©?* 

tC. JSS+HiU-CA 1 ^fflc>r^«^u/c:*^0^cci^^jg 
mmmKlkZ. JSStHiL/rA&SO'Rh^flac^/c:*:^ 
20 W^C<^eS*t«iSR 2 . R 3 fCttfi^OriSSi^S 5 0 n 
m--4 3 0 nmC0ra'CS5^^^]S< -C^€>CD-C. ^fb1?9 

jSOTC^-S. 5^CC. 01 3(C^TJ:'5CC. J^^JliU 
r A g^fflC^T^f3tL>/c:^^q^^C^^S»**g^R 2 {X. 
^mmtX^XlA lSO'Rh^ffll^/c*:^B^fici^^S»4« 
igR 1 . R 3 &C|:b«?briffig#^4 3 0 n mfe(±-CJS«* 

30 [0 0 24] @i 4--01 6tc^n-enjst*«^ 

Rl. R2, R 3CC*5C^T^<DAStft^^ft?-t±/ci# 
tDSftt^m^^bXCi-So CCr\ 0 1 4'-l31 6^C4o 
C-t^ L 1 1 . L 2 1 . L 3 1 «AWffi 2 0 S(DB#CDJ5W 
i^ti-C^) 0.014 --0 1 6 JCfcCt^ L 1 2 . L 2 2 . 

L 3 2 iixxmn 4 0 ^com(oKm^x$> o . 0 1 4 

01 6CC*5C:f^>L 1 3. L2 3, L 3 3 ASrfft 6 0 S 
CDB#(DS9*1^-C&^„ *:^c. 0 1 7 ^m*cD^@^ig 

cc4bH:r^. xmnt^z om<Dm^ (l4 n . as^Hjo^ 

AQm.<Om^ (L4 2) . Xmm^B 0S<D»^ (L4 
40 3) . (DSSS^J^Ftt^^LTl^^o 014-016;!)^ 

*j^m^(OmmU. O. 0 2Mm<hL/. Si021S2(D 
Milfi. 0. 5/2miU. 0. 2m 

mi l/tCa 
[002 5] 

50 ±ia^i4^- 5 y ^^(D±^cmtitmmm^fti.'c 
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$i±Sc:iA5-c#. l%3l£Lfc3fc*J8!)^J:<ltJ«r*S, 

5 3 a?:Ji^fi5cL.fcf^©»iffiS-C*€>. 
[07] SSIgl5 3 a©±tC-5';^i^5 6%Ji5^L//cf^5 

[08] ■7;^i'5 6^ffltirx-;»^>i/Lfcf^ (pfflj 
©:r-5 i-i^ligS 3€rSp®n>5'i' h®42±©S 

[09] nS=i>3'i' hH2 1 ©^MtCnffliJ©:t-5 
•yi'^®5 l*ff$SKLitt*©8lT®0-C*>S. 
[010] S3R-?-^»*®^ J:^{CS i 0 2*^€>^C-5 

[011] SW® 1 ^mfiXL.fc^©»rffi0-C*^. 
[0121 nffliJ©>'<u' KmS5 2 t p(B«©^>"f F^ffi 
5 4 i=&?^fiRL/cf*©BTffi0-C*-5, 
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* [013] :*:^?gtcl5^SJSS*«iS©SS*!|ttt©iSSfl!c 
[014] :*:3%BjKfeSSIt«I^R 1 CC*iti-C. jt© 

[015] *%qgtcC^^JKH^^R2{c*il,i-C. ?!£© 

[016] 3ls:^B^{c^SSS*«j§R 3 {Cfcl^-C . :3t© 
10 A*f«*S:ft3-ttfci#f©Stt!RFt4*7n-rd'77-C* 

[017] fie3S©1ifii«jiCC*jl:^SS*f!iti4?:7Sri^ 
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